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DOESMALLARDCLUTCHSIZE VARYWITH LANDSCAPE
COMPOSITION: A DIFFERENT VIEW

MICHAEL C. ZICUS,i’3 JOHNFIEBERG,^ ANDDAVID P. RAVE^

ABSTRACT.—We report on the relationship between Mallard {Anas platyrhynchos) clutch size and cropland

area in the landscape in western Minnesota during 1997-1999. We measured clutch size in two types of nest

structures and fit a mixed-effects model to the data to examine the relationship. Our model also included

covariates to control for the effects of year, nest initiation date, estimated pair numbers, and nest structure type.

Unique landscapes associated with each nest {n = 134) ranged from 46.4-84.8% cropland. Clutch size was

unrelated to cropland area, nest structure type, and estimated number of pairs with access to structures. Mean
clutch size declined with nest initiation date early in the nesting season, but increased somewhat for nests initiated

after 30 May. Clutch size also differed among years. Mean clutch size, adjusted for nest initiation date, was

11.0 ± 0.19 SE for 1997, 10.5 ± 0.19 SE for 1998, and 11.0 ± 0.19 SE for 1999. Conclusions regarding the

significance of the year effect and the degree of nonlinearity due to nest initiation date were sensitive to potential

clutch size outliers, but cropland area had no effect on clutch size regardless of the way we constrained clutch

size. Nest parasitism by philopatric females laying in certain structures might explain the observed increase in

clutch size in late nest initiations. Received 29 June 2003, accepted 24 August 2003.

Population size and the recruitment of

young in Mallards {Anas platyrhynchos) are

related to many factors in the landscape. Kra-

pu et al. (1997) observed a negative relation-

ship between the abundance of Mallard pairs

and the amount of cropland in a landscape.

Further, Greenwood et al. (1995) and Reyn-

olds et al. (2001) have reported that nest suc-

cess was greater in landscapes where the pro-

portion of cropland was lower compared to

that observed in landscapes with more crop-

land. Ball et al. (2002) recently examined the

relationship between Mallard clutch size and

landscape composition in North Dakota, con-

cluding that clutches in landscapes having lit-

tle cropland were larger than those in land-

scapes having more cropland. Their results

suggest yet another way recruitment might be

affected by land use. Their data came from a

study of elevated nest structures that was de-

signed to assess the influence of landscapes

on Mallard use of nest structures (Artmann et

al. 2001). A relationship between clutch size

and landscape composition had not previously

been reported for waterfowl. Thus, their re-
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suits were novel and they encouraged re-

searchers to examine the relationship in other

locations and for other species of waterfowl.

Weinitiated a study in Minnesota in 1996 that

had similar objectives to those of Artmann et

al. (2001). Here we report on the relationship

between cropland area and Mallard clutch siz-

es that we observed in our study after we con-

trolled for the effects of date of nest initiation.

Mallard abundance, and nest structure type.

STUDYAREAANDMETHODS

Our study area included 658 km^ in south-

ern Grant and northern Stevens counties (45°

5U N, 96° 02' W), Minnesota. The area is in-

tensively cultivated and upland nesting cover

for Mallards was restricted primarily to scat-

tered tracts of mixed native and exotic grasses

and forbs on state and federally managed
wildlife areas, grassy fields in agricultural set-

aside programs, and cover in roadside right-

of-ways. Wetland drainage also has been ex-

tensive through the use of surface ditches and

subsurface drainage tiles (Prince 1997). Most
remaining wetlands have permanent or semi-

permanent water regimes due to the consoli-

dation of temporary and seasonal wetlands

into deeper, more permanent basins. Mean
Mallard breeding pair density was about 4

pairs/km^ (R. Johnson unpubl. data).

We used aerial photos to select wetlands

throughout the study area that were candidates

for nest structure placement. We subjectively
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assessed whether a wetland had much, a mod-
erate amount, or little cropland within about 1

km. We then selected approximately equal

numbers of wetlands from each cropland class

for nest structure placement. We used this

strategy to assure that structures with much or

little surrounding cropland would be well rep-

resented in our sample. During spring 1996,

one structure was placed in each of 78 wet-

lands while two structures were placed in each

of 16 of the largest wetlands for a total of 1 10

structures. Nest structure type, either a single

or double nest cylinder, was assigned random-

ly each time a structure was erected. We in-

spected each structure four times each year to

record nesting attempts.

We built a geographic information system

(GIS) describing the land use on the study

area during 1997-1999, and we used the GIS
to describe landscape composition around

each nesting structure within a circular area

having a 3.2-km radius from the structure.

This distance approximates the distance hen

Mallards will travel to nesting cover (Reyn-

olds et al. 1996). The landscape composition

within each circular area described the “land-

scape” (32.2 km^) surrounding each clutch.

The number of Mallard pairs with access to

each nest structure also was modeled with a

GIS (Reynolds et al. 1996, R. Johnson unpubl.

data).

We fit a mixed-effects model (PROC
MIXED; SAS Institute, Inc. 2000) to test for

a relationship between landscape composition

and clutch size in nest structures. Fixed effects

included the amount of cropland in the land-

scape as well as covariates for year, nest ini-

tiation date, pair numbers, and deployment

type (one versus two cylinders). We included

covariates for year and nest initiation date be-

cause clutch size in waterfowl can vary

among years and within season (Alisauskas

and Ankney 1992, Rohwer 1992). Wealso in-

cluded covariates for pair numbers and nest

structure type because nest parasitism oc-

curred in our nest structures (Zicus et al.

2003) and the influence of different structure

types was unknown.

Exploratory plots suggested a nonlinear re-

lationship between clutch size and nest initi-

ation date. Quadratic and cubic date effects

were included in the model using orthogonal

polynomials to avoid problems of collinearity

(PROC IML; SAS Institute, Inc. 1989). We
also centered both pair numbers and amount
of cropland in the landscape (by subtracting

their means from all observations) to avoid

collinearity (Kleinbaum et al. 1988:208). A
random subject effect (corresponding to each

unique structure) was included to account for

possible nonindependence among clutch sizes

observed in the same structure within and

among years. We used normal probability

plots to validate normality assumptions of the

random effect and of the within group errors

(Pinheiro and Bates 2000). We assessed ho-

mogeneity of variance of the within group er-

rors using plots of residuals versus fitted val-

ues. Wetested significance of fixed effects pa-

rameters using F statistics with denominator

degrees of freedom calculated using the KR
method (Schaalje et al. 2002).

Clutches as large as 25 occurred in the nests

that we monitored. Inspection of the distri-

bution of observed clutch sizes suggested

clutches >16 were statistical outliers. Conse-

quently, we fit the model to clutch sizes of

<17 and conducted a sensitivity analysis to

assess robustness of the conclusions with re-

spect to data sets within which clutch size was

variously constrained. We also assessed ro-

bustness by fitting the model both with and

without the random effect and used Akaike’s

Information Criterion (AIC) values to choose

among competing models. The AIC value for

the mixed effects model was smaller, sug-

gesting a better fit to the data.

RESULTS

We determined clutch size for 139 nests

from 1997-1999. Four clutches in single cyl-

inder structures and one in a double cylinder

structure contained >16 eggs and thus were

censored from the data. Landscapes associated

with each clutch varied in the percent crop-

land (Fig. 1) with a median of 66.1% (mean
= 65.8%, range = 46.4-84.8%). Wedetected

no relationship between clutch size and crop-

land area (F155 5
= 0.10, P = 0.76), structure

type (Fi 46 1

= 0.0, P > 0.99), or the number

of pairs with access to a structure (F1475 =

0.02, P = 0.88). However, nest initiation date

was related to clutch size (linear date, Fj 123
—

65.5, P < 0.0001; quadratic date, Fj 129
=

21.2, P < 0.0001; cubic date, F, 122
= 3.9, P

= 0.051) in a curvilinear way (Fig. 2), and
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FIG. 1. There was no apparent relationship be-

tween Mallard clutch size in nest structures and per-

cent cropland in 134 western Minnesota landscapes

that were each 32.2 km^ in size, 1997-1999.

FIG. 2. Mallard clutch size in nest structures was

modeled as having a curvilinear relationship to nest

initiation date in western Minnesota, 1997-1999.

year had a marginally significant effect on

clutch size (^ 2,101 ~ 2.8, P = 0.065). Mean
clutch size, adjusted for nest initiation date,

was 11.0 ± 0.19 SEfor 1997, 10.5 ± 0.19 SE
for 1998, and 11.0 ± 0.19 SE for 1999. Crop-

land area was not a significant predictor of

clutch size regardless how we constrained

clutch size in the analysis.

DISCUSSION

We detected no relationship between Mal-

lard clutch size and landscape composition, in

contrast to the findings of Ball et al. (2002).

However, our study differed in several aspects

from that of Ball and his coworkers. First,

Mallard pair density in our study was only

30-40% of that in the North Dakota study and

our nest structure density was about 10% of

theirs (Ball et al. 2002). Perhaps more impor-

tantly, we defined landscapes differently. The
landscape associated with each clutch in our

sample was unique, extending for 3.2 km
(32.2 km^) around each nest location and was
intended to approximate the distance a Mal-

lard hen would travel to nesting cover (Reyn-

olds et al. 1996).

In contrast. Ball and his co workers delin-

eated 13 smaller (10.4-km2) study sites and

identified them as cropland (mean = 68.9%
cropland) or grassland (mean = 30.2% crop-

land) and classified clutches as being from ei-

ther a cropland or grassland landscape. Likely,

the home range of all hens would not have

been entirely within their study sites, nor is it

known how far individual hens traveled to

reach the nest structures in the North Dakota

study. Presumably, landscape composition

surrounding their study sites was similar to

that within each site, and thus classification of

a clutch based on the amount of cropland in

the entire home range of a hen would not have

changed.

Further, ours was a multiyear study in

which we analyzed clutch size using regres-

sion allowing the amount of cropland in the

landscape associated with a clutch to vary

continuously. Wealso included covariates for

date of nest initiation, nest structure type, and

estimated number of Mallard pairs with access

to the nest structure to control for the effects

these variables might have on clutch size. In

comparison. Ball and his coworkers analyzed

data from a single year comparing cropland

and grassland landscapes using analysis of co-

variance that controlled for the effect of date

of nest initiation.

We observed a few very large clutches in

our data that were statistical outliers. How-
ever, we detected no relationship between

clutch size and amount of cropland in the sur-

rounding landscape regardless of how we con-

strained clutch size in our analysis. We sus-

pect that the novel relationship between clutch

size and landscape composition reported by

Ball and his coworkers might have been an

artifact of their data. Sample sizes in the North

Dakota study were relatively small with only

seven clutches measured from six cropland

study sites and 34 nests from seven grassland

sites.

As they acknowledged, larger clutches from
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grassland sites might have simply reflected

higher rates of nest parasitism where nests

were more abundant and more easily found by
parasitizing females. The mean Mallard clutch

size in nests found on the ground where par-

asitism is unlikely has been reported to be

nine eggs (Klett et al. 1986). In fact, 24% of

the clutches Ball and his coworkers observed

from grassland sites were >10 eggs (Ball et

al. 2002: Fig. 1), which suggests a clutch size

distribution that was somewhat skewed by

nest parasitism. In addition to a few extremely

large clutches, the pattern of parasitism in our

sample seemed to be reflected by a higher fre-

quency of 10- to 12-egg clutches over what

might be expected in the absence of parasit-

ism. Although they observed no clutches >10
eggs from their sites with abundant cropland,

their sample of seven clutches was likely in-

sufficient to truly represent the underlying

clutch size distribution for structure nests in

this type of landscape.

We attempted to control for parasitism in

our model by including a covariate for the

number of Mallard pairs having access to nest

structures, but estimated pair numbers were

unrelated to clutch size. This lack of associa-

tion might have resulted from the fact that the

pair values we relied on were estimated using

a GIS model (Reynolds et al. 1996). As such,

the estimates might not reflect actual pair

numbers. Alternatively, conditions other than

mallard abundance might influence intraspe-

cific parasitism of Mallard nest structures and

might explain our failure to detect a pair-num-

ber effect on clutch size that was separate

from the cropland effect.

Weobserved a tendency for nests in certain

nest structures to be parasitized more than oth-

ers. This complicated clutch size modeling,

but might explain the nonlinear trend in clutch

sizes with respect to nest initiation date. For

example, three of four clutches >20 eggs oc-

curred in the same nest structure. Also, many
nests initiated after 30 May were in the same
nest structures that had large clutches earlier

in the nesting season. Perhaps, something

about these specific structures predisposed

them to nest parasitism. When nests initiated

after 30 May were ignored, clutch size de-

clined at a similar rate (0.066 eggs/day) as that

(0.064 eggs/day) reported by Ball et al. (2002)

and that (0.054 eggs/day) observed for ground

nesting Mallards in North Dakota (Krapu et

al. 1983). Declining clutch size during the

nesting season has been described for many
birds (Klomp 1970, Rowher 1992), but in-

creases in clutch size late in the season have
not been reported previously. It seems likely

that the increase we observed was a phenom-
enon related to nest structure philopatry by
certain hens and associated intraspecific nest

parasitism, and not a reflection of increased

individual fecundity.

Neither our study nor that of Ball et al.

(2002) was designed explicitly to investigate

the influence of landscapes on clutch size, so

both had limitations. Single-year studies with

small sample sizes (i.e.. Ball et al. 2002) are

useful for posing questions and generating hy-

potheses, but are seldom definitive. Similarly,

an argument could be made that our data were

from a single landscape (i.e., a small portion

of western Minnesota). We are confident that

landscape composition, as we defined it, was
not related to Mallard clutch size in our nest

structures. However, landscape studies are in-

herently difficult. Levin (1992) reviewed the

importance of understanding pattern and scale

in ecological studies. Webelieve that all eco-

logical research should be conducted with the

question of landscape scale in mind. Over
what scale should the landscape used by a

nesting Mallard be defined? Do our results

differ from those of Ball and his coworkers

because of the scale at which landscapes im-

portant to Mallard hens were defined? The
idea that landscape composition (or quality)

could influence clutch size in waterfowl is in-

tuitively reasonable, and Ball and his cowork-

ers have suggested several possible mecha-

nisms for the influence. We agree that other

researchers should examine these relation-

ships for Mallards in other landscapes and for

other species in general.
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